ABSTRACT 24 25 Laboratory and field experiments were conducted to assess how the addition of oleate-26 modified hydrotalcite (clay) and biochar (BC) to an agricultural soil affected the sorption, 27 leaching, persistence, and enantiomeric composition of soil residues of two chiral fungicides, 
Introduction

50
Modern agriculture relies on the use of pesticides to face the growing global demand for 51 food. It is undeniable that the contribution of pesticides has increased the agricultural 52 production over the past decades, but along with its advantages, there are environmental 53 problems associated with pesticide use (Lefebvre et al., 2015; Pimentel et al., 2005; 54 Waterfield and Zilberman, 2012). These problems are often a consequence of the movement 55 of these chemicals to unwanted zones, which represents a potential risk for non-target 56 organisms including human beings (Rice et al., 2007) . In this regard, a number of recent 57 monitoring studies have shown the presence of pesticides in soil, sediments, and surface and 58 ground waters. This is indeed the case of the fungicides tebuconazole and metalaxyl, 59 revealing the importance of controlling their presence in the environment (Li et DAT), at which the relative distribution patterns of metalaxyl residues showed that the 392 fungicide displayed higher leaching in unamended soil than in clay-and BC-amended soil 393 (Fig. 3) . For example, at 98 days, 43% of the metalaxyl residues extracted from unamended 394 soil came from the 10-20 cm soil layer (Fig. 3) . This value was significantly higher than the 395 fraction that came from the 0-5 cm (14%, p < 0.001) and 5-10 cm (35%, p < 0.05) soil 396 layers, that is, metalaxyl residues accumulated in the deepest (10-20 cm) layer of the unamended soil. In contrast, for the clay-and BC-amended soil the fraction metalaxyl 398 residues present at the 10-20 cm soil layer was not significantly different from those present 399 at the 0-5 and 5-10 cm soil depths (Fig. 3) .
400
The effect of the amendments on metalaxyl leaching was less evident at earlier sampling 401 times, even though several noticeable rainfall events occurred during this period (Fig. 1) concentrations than bulk soil samples (Table 3) . 415 Metalaxyl dissipated more rapidly from the top 0-5 cm of soil than tebuconazole. The enantiomer fractions (EFs) determined for tebuconazole and metalaxyl residues 432 present at different soil depths along the field experiment are shown in Fig. S5 and Fig. 4,   433 respectively. Individual enantiomer concentration data for the top 0-5 cm soil section were 434 also fitted to first order dissipation kinetics, and the corresponding parameters are compiled 435 in Table S1 of the Supplementary material.
436
For tebuconazole, EFs were only calculated for the top 0-5 cm, because the fungicide 437 concentrations at deeper profiles were very low (Fig. S2 ). There were no significant changes 
452
In contrast to tebuconazole, the behavior of metalaxyl was prominently enantioselective 453 and the EF of its soil residues differed with soil depth and with soil treatment (Fig. 4) . (Table   462   S1 ). In general, the DT 50 values reported in Table S1 for R-and S-metalaxyl are similar or (Table S1 ). Metalaxyl Tebuconazole Table 2 Single first-order dissipation parameters for metalaxyl and tebuconazole for the top 0-5 cm of unamended soil and soil amended with clay and biochar. Values within the same column followed by different letters are significantly different from each other (p < 0.05). Table 3 Concentration and EF values of metalaxyl residues in soil aliquots rich in sorbent particles compared to those in bulk soil samples taken from the amended plots at t= 35 days. Values within the same column followed by different letters are significantly different from each other (p < 0.05).
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